Abiotic stresses (for example, metals/metalloids, UV-B radiation, ozone, salinity, extreme temperatures, and drought) are among the most difficult dangers to agricultural systems and economic yields of crop plants [1] . Contamination of heavy metal in agricultural soils may cause the disorder of soil functionality and plant growth retardation, and affect human health by a contaminated food chain [2] . It was discovered that toxicity of lead decreases plant growth, nutrient uptake, and antioxidant enzyme activity by enhancing Pol.
reactive oxygen species (ROS) contents in the shoots and roots of canola (Brassica napus L.) [3] . One of the inescapable outcomes of drought stress is an increase in ROS production in various cellular compartments, namely the chloroplasts and mitochondria [4] . The exposure to metals aggravates water stress in an added manner that causes plants to be more vulnerable to drought [5] .
Light as a primary source of energy is one of the most important environmental factors for plant growth [6] . Plant photoreceptors connect light cues with physiologic responses, which determine how individual plants complete their lifestyles [7] . Cryptochromes (CRYs) of a plant are UV-A/blue-light photoreceptors that play essential roles in blue light-mediated responses by the regulated expression of more than 1,000 genes [8] . Recently, it has been reported that plant CRYs release ROS, including hydrogen peroxide (H 2 O 2 ) and superoxide (O 2 -) subsequent to illumination [9] [10] . Comparative proteomics analysis of the Cryptochrome 1 (CRY1) mutant and wild-type plants demonstrates that expression of several proteins associated with defense, stress, and detoxification are changed in the mutant plants [11] [12] , recommending a relationship between CRY1 function and plant resistance [13] .
Nitric oxide (NO) acts as a cellular signaling molecule in plants [14] . Reduced ROS generation upon exogenous NO supplementation showed ROS scavenging activity of NO, and protection against lead toxicity [15] . Although enhanced drought tolerance via NO is related greatly to its ability to decrease stomatal opening and oxidative stress, it can very much influence other physiological processes, for example photosynthesis, proline accumulation and seed germination under the water deficit [16] . NO inhibits the opening of blue lightspecific but not opening of red light-induced [17] .
Understanding the reducing dwarfism of hypocotyl encounter with lead stress, drought stress, and their combinations and knowledge about gene expression changes involved in it is important for canola improvement to spread in the world. Therefore, the objective of this study was to analyze the expression of the CRY1 gene in canola seedlings (Hyola 401 cultivar) under three different stress conditions using quantitative real-time PCR (qRT-PCR).
Material and Methods

Plant Material and Growth Conditions
Homogenous seeds of one cultivar of canola, namely Hyola 401, was acquired from Golestan University in Gorgan, Iran, and utilized in the analyses. The seeds were surface sterilized with a 2.5% (v/v) sodium hypochlorite (NaOCl) solution for 20 minutes (min), washed 5-8 times with distilled water to expel NaOCl, and were then germinated and grown in petri dishes on two wet layers of filter paper in a controlled incubator at 25ºC under conditions of 14/10 hours day/night photoperiod.
After 5 days, lead levels (control and 100 μM) developed with lead(II) nitrate [Pb(NO 3 ) 2 ], drought stress (control and 5%) imposed by polyethylene glycol 6000 (PEG-6000) and NO levels as sodium nitroprusside (nitric oxide donor) (SNP) (control and 100 μM) with three replicates were applied. Then controlled seedlings continued the same Light regime and other seedlings irradiated with blue (2, 4 and 8 hours) and red (2, 4 and 8 hours) light in the cabinets kept in the growth room at 25ºC. To maintain the constant desired nitric oxide concentration and moisture in petri dishes, the seedlings were sprayed with distilled water every hour. Gene expression and the hypocotyl length of seedlings were measured and averaged. All experiments were conducted in triplicate.
Total RNA Extraction and cDNA Synthesis
Extraction was performed using the total RNA isolation reagent (TRIR) (ABgene, United Kingdom). 50 mg of samples (seedlings) were ground in liquid nitrogen and then dissolved in 0.8 ml of the reagent buffer. After the addition of 0.2 ml chloroform and centrifuging at 12000 g for 15 min at 4ºC for phase separation, the aqueous phase containing RNA was ejected; an equivalent volume of isopropanol was added and after that centrifuged at 12000 g for 10 min at 4ºC. The supernatant was evacuated; the RNA pellet was washed doubly with 1 ml of 75% ethanol and after that centrifuged at 7500 g for 5 min at 4ºC. The dry RNA pellet in diethyl pyrocarbonate (DEPC)-treated water was dissolved. The RNA concentration was estimated spectrophotometrically. Nearly 210 ng/μl of extracted RNA was afterwards applied to synthesize cDNAs using the QuantiTect Reverse Transcription Kit (Qiagen) in total reaction volume of 10 μl. To obtain 1 ml of cDNA solution, sterilized distilled water was added to dilute the cDNA 500-fold.
Approximately 210 ng/μl RNA to prepare cDNA was mixed with gDNA wipeout buffer and then incubated at 42ºC for 2 min. Immediately, the reaction mix was chilled on ice for 2 min. After that, the reverse transcriptase (RT) master mix and random hexamer oligo(dT) was added. Also, quantiscript reverse transcriptase was incubated at 42ºC for 15 min and subsequently at 95ºC for 3 min.
Real-Time Quantitative PCR (RT-qPCR)
Sequences of canola CRY1 (accession no. AJ344565) were obtained from a gene bank (ncbi.nlm. nih.gov/BLAST/); then primers were designed using the Oligo 7 software. Real-time analysis was done utilizing IQ SYBR green super-mix (Bio-Rad) in an iCycler iQ detection system (Bio-Rad) under 95ºC denaturation for 5 min one cycle followed by 50 cycles: 95ºC for 90 s, 55ºC for 30 s, and 72ºC for 45 s. The CRY1 gene was detected using primers BnCRY1F (5'-GTGGAGAAAGGAACGAGGTTGTGGCACTG-3') and BnCRY1R (5'-CATGAGGCACTCTCGCAGATG TGGCAAC-3'). As internal control β-actin (accession No. AF111812) was utilized as an internal control using a forward primer (5'-GCTTCCCGATCAAGTCA-3') and reverse primer (5'-GGATTCCAGCTGCTTCCATTC-3').
Relative gene expression was calculated with the
The Ct value shows the PCR cycle, at which the copy number passes the fixed threshold and can be at the beginning detected. GI is the gene of interest, and GC is the β-actin gene used as an internal control. The reference control was a sample showing expression of the gene of interest [18] .
Statistical Analysis
The experiment was carried out in the randomized design with 3 replications. The statistical significance of the difference between parameters was evaluated by Duncan-test on SPSS software, and all graphs were drawn by excel software. The results are given in the text as p, the probability values, and p≤0.05 were adopted as the criterion of significance.
Results
Quantitative Real-Time PCR Analysis of CRY1 Gene
Expression of CRY1 gene in seedlings based on the dose and time courses of treatment was calculated quantitatively using Ct values. The high levels of expression of CRY1 gene (p≤0.05) were observed at drought stress and simultaneous lead and drought in just 8 hours (h) of blue-light irradiation (Fig. 2c ). As shown in all figures, a significantly changed expression in response to lead stress was not observed. Simultaneous lead and drought stress compared with lead, and drought stress considerably increased the expression of CRY1 gene in 4 and 8 h of blue-light irradiation (Figs 2b-c; p≤0.05). The combination lead and drought stress in 2 h of blue light (Fig. 2a ) showed a significant increase compared to the drought stress, and did not significantly decrease compared to the lead stress. There was insignificant difference in controlled seedlings in all stresses (Fig. 1 ). No important difference was observed in all treatments during red-light exposure (Figs 3a-b-c) .
Results showed that only in controlled seedlings ( Fig. 1 ) and blue light within 2, 4 and 8, h (Figs 2a-b-c) elicitation, a reduction of CRY1 gene expression (p≤0.05) at NO treatment in interaction with lights and stresses as compared to the control (0 µM SNP, 0 µM lead and 0 PEG) was significant. There was insignificant reduction in all red lights (Figs 3a-b-c) .
With the application of NO and its interaction in CRY1 gene expression, except for lead stress in 8 hours of blue light (Fig. 2c ) and all red-light treatments (Figs 3a-b-c) , there was a significant decrease in lead, drought and synchronous lead and drought stresses. The results of NO interaction showed a considerable increase in the simultaneous lead and drought stress in the exposure to 8 h of blue light (Fig. 2c ) compared to its effect on lead and drought and in 4 h of blue light (Fig. 2b) compared to drought, but there was no significant difference in other stresses. CRY1 gene expression in all red-light treatments did not significantly decrease or increase (Figs 3a-b-c) .
Avoided Dwarfism of Hypocotyl
The seedlings were analysed in detail for decreases in dwarfism of hypocotyl. The seedlings in all stressed, except for drought in red and blue light for 8 h, displayed significantly shorter hypocotyl (p≤0.05) when compared with control (Table 1) . Hypocotyl dwarfism in simultaneous lead and drought stress, only in controlled seedlings and 2 h of red light importantly increased compared to lead stress. Comparison of hypocotyl dwarfism under synchronous lead and drought, stress conditions showed a significant decrease compared to drought.
We observed that the application of NO interplay in all treatments, except for lead stress in 4 and 8 h of blue light and all red-light treatments, led to a reduction in dwarfism ( Table 1 ). The use of NO interaction in simultaneous lead and drought stress compared with lead stress significantly decreased dwarfism of the hypocotyl in 8 h of blue light, but significantly increased it in the controlled seedlings and 2 h of blue and 8 h of red light and increased or decreased insignificantly in other treatments. Hypocotyl dwarfism with the application of NO interplay in controlled seedlings, 2 and 4 h of light blue and 8 h of red light showed a significant increase in the simultaneous lead and drought stress compared with drought stress, but did not differ significantly in other stresses.
Discussion
Genome-wide analysis proposes the variable number of genes differentially expressed in the root in response to Pb, Cd, Cr(VI), and As(V) stresses [19] . Drought conditions can induce the expression of many genes related to planting stress, and their products are thought to act as cellular protectants against damage caused by stress [20] . In this research, we found the CRY1 gene to be significantly upregulated in response to drought and synchronous drought, and lead stresses in 8 h of blue-light irradiation (Fig. 2c) . A recent observation that the cry1cry2 double mutant showed an enhanced drought tolerance has led to a finding that CRYs also contribute to the blue-light stimulation of stomata opening [21] . In particular, Late embryogenesis abundant4-1 (LEA4-1) has been shown to play a prominent role in salt and drought tolerance in canola [22] ; its abundance was relatively low (nearly four-fold) in Brassica juncea transgenics overexpressing CRY1 from Brassica napus (BnCRY1-OE) seedlings [23] .
When NO interplay was applied to the seedlings, the CRY1 gene in Controlled seedlings and all blue-light treatments except for lead stress in 8 h did significantly down-regulate (Figs 1-2; p≤0.05). In response to high nitrogen (HN) conditions, adenosine monophosphateactivated protein kinase (AMPK) mediating nuclear CRY1 phosphorylation triggers CRY1 degradation when total cellular CRY1 protein levels remain relatively stable, and after that inhibit oscillations of the circadian clock to interfere with floral control [24] . Similar to the HN condition, NO also causes the inhibition of flowered transition by repressing the CONSTANS and GIGANTEA circadian clock output genes [25] .
CRY1 mediates primarily blue-light inhibition of hypocotyl elongation [26] . Here, we showed that 8 h of blue light in simultaneous lead and drought stress led to significant hypocotyl dwarfism via CRY1 (Table 1 ). It is suggested that CRYs activate anion channels, leading to plasma membrane depolarization and repression of cell elongation [27] [28] [29] [30] . It is also proposed that a biological pathway linking root development/growth-related genes (CRY1 and CRY2) that has not been previously identified in different heavy metal stresses [19] .
With the application of NO interaction, dwarfism of hypocotyl by CRY1 gene was reduced significantly in all stresses except for red light and lead in 4 and 8 h of blue light ( Table 1 ). The NO due to the utilization of SNP is usefuli in that it provides enhanced germination, vigor and growth of seedlings [31] . Especially 100 μM SNP has the best effect on promoting growth of the seedlings under lead toxicity [32] . Therefore, exogenous NO interplay can be utilized to alleviate lead toxicity [33] . Decreased NO levels prevent stomatal closure caused by SNP [34] , so adding NO and its interaction can increase drought tolerance. Furthermore, [35] recently reported that the exogenous supply of NO enhances drought tolerance in sugarcane plants.
Conclusions
Finally, the results of real-time PCR showed that the use of NO interaction in lead, drought and simultaneous lead and drought stresses resulted in significant decreases in dwarfism of hypocotyl that were achieved due to changes in expression of the Cry1 gene; therefore, inhibition of this key gene would promise to reduce dwarfism of hypocotyl. Future research may lead to elucidate more than the current study on responses observed by lead, drought and synchronous lead and drought stresses, such as the role of the CRY1 gene in reducing hypocotyl dwarfism. Values are mean±SD (n = 3). Common letters in a column indicate insignificant differences (p≤0.05). Table 1 . Effects of nitric oxide (NO) under lead, drought and simultaneous lead and drought stress on hypocotyl length of canola (Brassica napus L.) with unit centimeter (cm).
